Abstract: Photochromic compounds reversibly change not only the absorption spectra but also their geometrical and electronic structures. This principle can be applied for the photoswitching of the physical properties of the molecular materials. In particular, photoswitching of the flow of information through the molecule is interesting because information processing using molecular devices is attracting interest in the molecular electronics field. The photoswitchings of the magnetic exchange interaction and the electrical conductance using photochromic diarylethene are described.
INTRODUCTION
Photochromism is a reversible phototransformation of a chemical species between two forms having different absorption spectra [1] [2] [3] [4] . Photochromic compounds reversibly change not only the absorption spectra but also their geometrical and electronic structures. The geometrical and electronic structural changes induce some changes in physical properties, such as fluorescence, refractive index, polarizability, and electric conductivity.
Diarylethenes with heterocyclic aryl groups are well known as thermally irreversible, highly sensitive, and fatigue-resistant photochromic compounds [5, 6] . The photochromic reaction is based on a reversible transformation between an open-ring isomer with hexatriene structure and a closed-ring isomer with cyclohexadiene structure according to the Woodward-Hoffmann rule as shown in Fig. 1 . While the open-ring isomer 1a is colorless in most cases, the closed-ring isomer 1b has the color of yellow, red, or blue, depending on the molecular structure.
In the open-ring isomer, π-electrons are localized in the two aryl groups. On the other hand, the closed-ring isomer has a bond-alternative polyene structure and the π-electrons are delocalized throughout the molecule. These geometrical and electronic structural differences resulted in some differences in their physical properties. For example, the closed-ring isomer has a higher polarizability, because the closed-ring isomer has more delocalized π-electrons [7, 8] .
The π-conjugated system was reversibly switched by the photochromic reaction. In this paper, the utilization of this switching to the photoswitching of the flow of the information is described, featuring the magnetic exchange interaction and the electrical conductance.
MAGNETIC SWITCHING
With regard to the magnetic interaction, there is a characteristic feature in the electronic structural changes between the two isomers of diarylethene. Figure 2 shows model structures of a radical-substituted diarylethene, the open-ring isomer 2a, and closed-ring isomer 2b. While there is no resonant closed-shell structure for 2a, there does exist 2b' as the resonant quinoid-type closed-shell structure for 2b. 2a is a non-Kekulé biradical, and 2b is a normal Kekulé molecule. In other words, 2a has two unpaired electrons, while 2b has no unpaired electrons. Moreover, the calculated shapes of two singly occupied molecular orbitals (SOMOs) of 2a are separated in the molecule and there is no overlap [9] . Therefore, the configuration of biradical 2a is classified as a disjoint biradical, in which the intramolecular radical-radical interaction is weak [10, 11] . On the other hand, the closed-ring isomer 2b' is a normal Kekulé molecule. In this case, the ground electronic state has no unpaired electrons. In the singlet ground state, the magnetic interaction is strongly antiferromagnetic. Judging from the above consideration, the interaction between spins in the open-ring isomer of diarylethene is weak, while significant antiferromagnetic interaction takes place in the closed-ring isomer. In other words, the open-ring isomer is in the "OFF" state and the closed-ring isomer is in the "ON" state. According to the above guiding principle, the molecule which exhibits photoswitching of the magnetic interaction was synthesized. 1,2-Bis(2-methyl-1-benzothiophen-3-yl)perfluorocyclopentene was employed as a photochromic spin coupler. Nitronyl nitroxide was chosen for the spin source, because this radical is π-conjugative. Thus, molecule 3a was designed, which is an embodiment of the simplified model 2a [9] (Fig. 3) . The open-ring isomer 3a has a twisted molecular structure and a disjoint electronic configuration. The measurement of the temperature dependence of the magnetic susceptibility revealed that while in the open-ring isomer 3a, only small exchange interaction was detected between the two spins, the significant antiferromagnetic interaction was observed for the closed-ring isomer 3b. The photoinduced change in magnetism agrees well with the prediction that the open-ring isomer has an "OFF" state and the closed-ring isomer has an "ON" state.
Oligothiophenes are good candidates for conductive molecular wires. Diarylethene 4a having one nitronyl nitroxide radical at each end of a molecule containing oligothiophene spacers was synthesized. The measurement of the electron spin resonance (ESR) spectrum at room temperature revealed the clear photoswitching of the magnetic exchange interaction. In the case of bithiophene spacers, the difference in exchange interaction between the open-and the closed-ring isomers was estimated to be more than 150-fold [12] .
Photoswitching of an intramolecular magnetic interaction using a diarylethene dimer was also investigated [13] (Fig. 4) . When a diarylethene dimer is used as a switching unit, there are three kinds of photochromic states: open-open (OO), closed-open (CO), and closed-closed (CC). Diarylethene dimer 5 was synthesized and ESR spectra of isolated 5(OO), 5(CO), and 5(CC) were measured. The spectra of 5(OO) and 5(CO) are 5-line spectra, suggesting that the exchange interaction between the two nitronyl nitroxide radicals is much weaker than the hyperfine coupling constant. However, the spectrum of 5(CC) has a clear 9-line spectrum, indicating that the exchange interaction between the two spins is much stronger than the hyperfine coupling constant. The result indicates that each diarylethene chromophore serves as a switching unit to control the magnetic interaction. The magnetic interaction between terminal nitronyl nitroxide radicals was controlled by the switching units in series.
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ELECTRIC SWITCHING
"Molecular electronics" is a rapidly expanding field in nanoscience and nanotechnology. Molecular electronics can be defined narrowly as the study of electrical and electronic processes by accessing the individual molecules with electrodes and exploiting the molecular structure to control the flow of electrical signals through them. Although there are increasing numbers of reports dealing with the conductance of the single molecules, studies on the photoswitchable molecule are very rare [14] [15] [16] [17] . Besides, the studies on the conductance of the network prepared with organic molecules and Au nanoparticles on the interdigitated nanogapped electrode are attracting interest because of the relatively easy preparation and the applicability to the small number of molecules [18] [19] [20] .
The excited state of the organic molecules on noble metal surface is considered to be easily quenched by the surface plasmon resonance. Therefore, the photochromism of diarylethene on the Au and Ag nanoparticle was first investigated (Fig. 5) . Synthesized Au and Ag nanoparticles capped with a diarylethene derivative (Au-6a) showed reversible photochromism [21, 22] . This is attributed to the fast photoreaction of diarylethenes in comparison with the quenching by the Au metal surface.
Considering that the conjugated molecule has much better conductance than nonconjugated molecule [23] , sulfur atom should be attached directly to the π-conjugated system despite the anticipated quenching of the excited state. Thus, diarylethene dithiophenol 7a was designed and synthesized [24] . The introduced two thiophenol units bridge the Au nanoparticles and make a conducting path between electrodes (Fig. 6 ). Au nanoparticles capped with monothiophenol 8a were synthesized to see the effect of the direct attachment on the photoreactivity. For reference, nonphotoreactive dithiophenol 9 was also prepared.
The Au-7 network showed photochromism in the solid state. The absorption spectra of Au-7 network were measured in KBr. The spectrum showed reversible change along with the photochromism. From the difference spectra, the absorption maximum of the closed-ring isomer Au-7b exhibited the large bathochromic shift compared with free 7b, indicating the perturbation of the electronic structure of the closed-ring isomer 7b by Au. The gold nanoparticles prepared from monothiophenol 8a also showed photochromism, though it was less reactive than the alkyl-containing analog Au-6a [21] . The absorption maximum of Au-8b measured in ethyl acetate also showed bathochromic shift on the Au surface.
The Au-7a nanoparticle network was prepared on the interdigitated nanogapped Au electrode (5 µm). The preparation of the network was performed on the electrode by mixing the tetraoctylammonium bromide (TOAB)-protected Au nanoparticle and the freshly prepared 7a solution. Transmission electron microscopy (TEM) revealed the formation of the Au nanoparticles of 3.6 ± 0.7 nm. Scanning electron microscopy (SEM) measurement showed the formation of the bridging between the electrodes.
Conductance was measured along with the alternate irradiation with UV and visible light (Fig. 7 ). Upon irradiation with UV light (290 nm < λ < 380 nm), the conductance increased significantly and the conductance decreased by the irradiation with visible light (560 nm < λ). The Au-9 network, prepared for reference, did not show any change upon photoirradiation (Fig. 7b) . The photoreaction of the Au-7a nanoparticle network was very slow especially for the ring-opening reaction due to the severe quench- 
